Lithium-ion batteries (LIBs) have attracted increasing attention as dominant power sources for transportation systems and stationary storage of intermittent renewable energies. Thus, there is great 15 demand to design novel LIBs with low cost, good safety, high energy density, and long cycling life. [1] [2] [3] Recently, Na-ion batteries (NIBs) have been considered as a new electrochemical system for large-scale energy storage applications due to the low cost and abundant sodium resources. 4, 5 However, the commercial 20 graphite anode are problematic, either leading to a low theoretical capacity of only 372 mAh g -1 for LIBs or resulting in the poor intercalation for the large ionic radium of Na + (0.102 nm). To develop high performance anode materials for next generation batteries, transition metal oxides with high theoretical capacity 25 have been widely studied for LIBs and NIBs. [6] [7] [8] Among them, Fe 2 O 3 has been considered as a promising candidate because of its abundance, low cost, environmental benign, as well as a high theoretical capacity (1007 mAh g -1 ) . However, the electrical conductivity of Fe 2 O 3 is poor (~7×10 -3 S cm -1 34 In the second step, the MWNTs@FeOOH composite was coated with a SiO 2 layer via a 85 modified StÖber method, to control the void space in the final composite. Third, a carbon layer was achieved by the coating of a resorcinol-formaldehyde (RF) resin layer and then carbonized at 700 ℃ for 2h under Ar. 41 In the last step, by etching the SiO 2 layer with NaOH solution, the final product with yolk-shell 1 b-f shows the corresponding high magnification TEM images for each product, which matches well with the design in the scheme. 5 The structure and morphology of the obtained composites were investigated by SEM and TEM in details. 60-100 nm) anchored on the surface of MWNTs. The high magnification TEM image (Fig. 1c) and the XRD pattern (Fig.  S1 ) further confirmed the tetragonal β-FeOOH with porous structure. The TEM (Fig. 1d and 2c) and SEM (Fig. S2) images 20 of the MWNTs@FeOOH@SiO 2 composite disclosed the uniform SiO 2 coating on MWNTs@FeOOH composite with a thickness around 15-25 nm. Then, this composite was coated with a carbon layer (Fig. 1e) , followed with the removal of SiO 2 layer to obtain the final MWNTs@Fe 2 O 3 ⊙C composite. , and further conversion 30 of Fe 2+ to Fe as well as the formation of solid electrolyte interface (SEI) layer, respectively. [43] [44] [45] [46] [47] The intensities of cathodic peaks in the second cycle dropped significantly, indicating the irreversible formation of an SEI film. The voltage region from 1.2 to 2.5 V in the anodic curves was corresponded to the reversible oxidation of 35 Fe to Fe 3+ . After the first cycle, the reduction peaks for Fe 3+ to Fe 2+ and Fe 2+ to Fe 0 shifted to higher voltages at 0.75 V and 1.3 V, which can be attributed to the improved kinetics of Fe 2 O 3 electrode after the structure rearrangement and electrochemical activation. Moreover, the overlapping of the CV curves in the 40 following cycles indicated the highly reversibility of reaction (1 high capacity of 502 mAh g -1 after 360 cycles. Meanwhile, the columbic efficiency kept around 99% during cycles. Fig. 4d reveals the outstanding rate capabilities of this electrode. The typical discharge/charge curves under various rates were showed in Fig. S7 , which remained the electrochemical 70 reaction plateaus and delivered high capacities even at high rates. The MWNTs@Fe 2 O 3 ⊙ C electrode was able to deliver high specific capacities of 828, 756, 633, and 493 mAh g -1 when cycled at 400, 800, 1600, and 3200 mA g -1 , respectively. When the current density reduced back to 200 mA g -1 , a high capacity of 890 mAh g -1 was recovered, indicating the good structure The lithium storage performance test of the MWNTs@Fe 3 O 4 composite was also performed (Fig. S8) performance of latter material could be ascribed to the following reasons. First, the MWNTs and carbon layer resulted in the high electrical conductivity in this composite (Fig. S9) . Furthermore, the high surface area of this composite and the nanosized Fe 2 O 3 provided large electrode/electrolyte contact area and short path 30 length for Li + transport, thus benefiting for the high specific capacity and good rate performance of this composite. Second, the carbon coating effectively prevented the aggregation and pulverization of Fe 2 O 3 during cycling. Third, the large pore volume of the MWNTs@Fe 2 O 3 ⊙ C composite can provide 35 enough void space to accommodate the volume expansion of Fe 2 O 3 during lithium insertion/extraction processes, resulting in good structure stability with outstanding cycling performance (Fig. S10 ). , and (d) rate performance at various rates from 160 to 1000 mA g -1 .
45
The unique architecture of MWNTs@Fe 2 O 3 ⊙ C composite also benefits the superior sodium storage performance. Fig. 5a shows the CVs curves of this electrode at 0.5 mV s -1 . In the initial cathodic process, a reduction peak around 1.1 V was detected, which may be due to the Na insertion into Fe 2 Fig. 4b , the plateaus for NIBs in these profiles were not obvious. This could be due to the large Na + ionic size that resulted in the sluggish kinetic of sodium insertion/extraction process. The initial discharge/charge 65 capacities of this electrode were 1130 and 427 mAh g -1 , respectively. This large capacity loss was mainly due to the irreversible formation of SEI layer, in consistence with the CVs observation in Fig. 5a . Fig. 5c Fig. 5d . It delivered a high discharge capacity of 251 mAh g -1 even at a large current density of 1000 mA g -1 , which was higher than the value for graphene@Fe 2 O 3 composite. 30 When the current density was lowered back to 160 mAh g -1 , a high capacity of 310 mAh g -1 can be recovered and remained high capacity 80 retention of 90% up to 80 cycles. Compared with the previous reported iron oxides for NIBs (Table. S1 ), our composite also delivered superior cycling performance with cycling number up to 600 cycles (Fig. S12) 
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